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title: Cationic antimicrobial peptides activate a 

two-component regulatory system, PmrA-PmrB, that 
regulates resistance to polymyxin B and cationic 
antimicrobial peptides in Pseudomonas aeruginosa 

AUTHOR(S): McPhee, Joseph B.; Lewenza, Shawn; Hancock, Robert E. 

w. 

CORPORATE SOURCE: Department of Microbiology and immunology, university 

of British Columbia, Vancouver, BC, v6T 1Z3, Can. 

SOURCE: Molecular Microbiology (2003), 50(1), 205-217 

CODEN: MOMIEE; ISSN: 0950-382X 

PUBLISHER: Blackwell Publishing Ltd. 

document type: Journal 

LANGUAGE: English 

AB The two-component regulatory system PhoP-PhoQ of Pseudomonas aeruginosa 
regulates resistance to cationic antimicrobial peptides, polymyxin B and 
aminoglycosides in response to low Mg2+ conditions. We have identified a 
second two-component regulatory system, PmrA-PmrB, that regulates 
resistance to polymyxin B and cationic antimicrobial peptides. This 
system responds to limiting Mg2+, and is affected by a phoQ, but not a 
pnoP mutation, inactivation of the pmrB sensor kinase and pmrA response 
regulator greatly decreased the expression of the operon encoding 
pmrA-pmrB while expression of the response regulator pmrA in trans 
resulted in increased activation suggesting that the pmrA-pmrB operon is 
autoregulated. interposon mutants in pmrB, pmrA, or in an intergenic 
region upstream of pmrA-pmrB exhibited two to 16-fold increased 
susceptibility to polymyxin B and cationic antimicrobial peptides. The 
pmrA-pmrB operon was also found to be activated by a no. of cationic 
peptides including polymyxins B and E, cattle indolicidin and synthetic 
variants as well as LL-37, a component of human innate immunity, whereas 
peptides with the lowest min. inhibitory concns. tended to be the weakest 
inducers. Addnl . , we showed that the putative LPS modification operon, 
PA3552-PA3559, was also induced by cationic peptides, but its expression 
was only partially dependent on the PmrA-PmrB system. The discovery that 
the PmrA-PmrB two-component system regulates resistance to cationic 
peptides and that both it and the putative LPS modification system are 
induced by cationic antimicrobial peptides has major implications for the 
development of these antibiotics as a therapy for P. aeruginosa 
infections. 
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AB A class of cationic, ***polyphemusin*** -like peptides having 

***anti microbial*** activity is provided. Examples of such peptides 
include FRWCFRVCYKGRCRYKCR (SEQ ID NO:3), RRWCFRVCYKGFCRYKCR (SEQ ID 
NO:4), and RRWCFRVCYRGRFCYRKCR (SEQ ID NO:ll) (i) . Al so provided are 
methods for inhibiting the growth of microbes such as bacteria, yeast and 
viruses utilizing the peptides of the invention. The peptides are 
particularly useful for inhibiting endotoxemia in a subject. I provided 
protection against endotoxemia in mice. 
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Antimicrobial peptides and methods of use thereof. 
Hancock, Robert E. w. [inventor, Reprint author]; Zhang, 
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Vancouver, Canada 
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PATENT INFORMATION: US 6337317 January 08, 2002 
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Patent 
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A class of cationic, ***polyphemusin*** -like peptides having 

***antimicrobial*** activity is provided. Examples of such peptides 

include FRWCFRVCYKGRCRYKCR (SEQ ID NO: 3), RRWCFRVCYKGFCRYKCR (SEQ ID 
NO:4), and RRWCFRVCYRGRFCYRKCR (SEQ ID NO:ll). Al so provided are methods 
for inhibiting the growth of microbes such as bacteria, yeast and viruses 
utilizing the peptides of the invention. The peptides are particularly 
useful for inhibiting endotoxemia in a subject. 
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membranes . 

Zhang L; Rozek a; Hancock R E 
SOURCE: Department of Microbiology and immunology, University of 

British Columbia, 300-6174 university Boulevard, Vancouver, 
British Columbia V6T 1Z3, Canada. 

JOURNAL OF BIOLOGICAL CHEMISTRY, (2001 Sep 21) 276 (38) 
35714-22. 

Journal code: 2985121R. ISSN: 0021-9258. 
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Journal; Article; (journal article) 
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Last updated on STN: 20030105 
Entered Medline: 20011025 
A series of natural and synthetic cationic ***antimicrobial *** 
peptides from various structural classes, including alpha-helical, 
beta-sheet, extended, and cyclic, were examined for their ability to 
interact with model membranes, assessing penetration of phospholipid 
monolayers and induction of lipid flip-flop, membrane leakiness, and 
peptide translocation across the bi layer of large unilamellar liposomes, 
at a range of peptide/lipid ratios. All peptides were able to penetrate 
into monolayers made with negatively charged phospholipids, but only two 
interacted weakly with neutral lipids. Pepti de-mediated lipid flip-flop 
generally occurred at peptide concentrations that were 3- to 5-fold lower 
than those causing leakage of calcein across the membrane, regardless of 
peptide structure. With the exception of two alpha-helical peptides 
v681(n) and v25(p,) the extent of peptide-induced calcein release from 
large unilamellar liposomes was generally low at peptide/lipid molar 
ratios below 1:50. Peptide translocation across bilayers was found to be 
higher for the beta-sheet peptide ***polyphemusin*** , intermediate for 
alpha-helical peptides, and low for extended peptides. Overall, whereas 
al I studied cationic ***anti microbial*** peptides interacted with 
membranes, they were quite heterogeneous in their impact on these 
membranes. 
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importance of the intramolecular disulfide bridges in 
the biological activity of gomesin 
Fazio, Marcos A.; Daffre, Sirlei; Miranda, M. Teresa 
M.; Bulet, Philippe; Miranda, Antonio 
Depto de Biofisica, unifesp, Sao Paulo, 04044-020, 
Brazil 

Peptides: The wave of the Future, Proceedings of the 
Second International and the Seventeenth American 
Peptide Symposium, San Diego, CA, United States, June 
9-14, 2001 (2001), 495-496. Editor(s): Lebl , Michal; 
Houghten, Richard A. American Peptide Society: San 
Diego, Calif. 

CODEN: 69DBAL; ISBN: 0-9715560-0-8 
Conference 
English 

A study was conducted to det. the role of the disulfide bridges in the 
biol. activity of gomesin (Gm) , a potent cationic ***antimicrobial*** 
peptide isolated from hemocytes of the tarantula spider, Acanthoscurria 
gomesiana. Gm contains two intramol. disulfide bridges, Cys2-15 and 
Cys6-ll, a pyroglutamic acid as N-terminal residue and an amide in its 
C-terminal carboxyl group, showing sequence similarities to tachyplesin 
and ***polyphemusin*** from horseshoe crabs, androctonin from 
scorpions and protegrins from porcine leukocytes. The antibacterial and 
antifungal activities of Gm were detd. by a liq. growth inhibition assay 
against Micrococcus luteus A-270, Escherichia coll SBS-363 and Candida 
albicans. Results show that despite the fact that Gm analogs were less 
potent than the native mol . in terms of ***antimicrobial*** activity, 
they exhibited lower hemolytic activities than Gm. These results suggest 
that both disulfide bridges are important for the expression of Gm biol. 
activity and that there is some specificity of this ***antimicrobial*** 
peptide against certain microorganisms. 
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Isolation and characterization of gomesin, an 18-residue 
cysteine-rich defense peptide from the spider 
Acanthoscurria gomesiana hemocytes with sequence 
similarities to horseshoe crab antimicrobial peptides of 
the tachyplesin family. 
Silva P I Jr; Daffre S; Bulet P 

Laboratorio de Artropodes, instituto Butantan, Avenue vital 
Brazil, 1500, CEP 05503-900, Sao Paulo, Brazil. 
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we have purified a small size ***anti microbial*** peptide, named 
gomesin, from the hemocytes of the unchallenged tarantula spider 
Acanthoscurria gomesiana. Gomesin has a molecular mass of 2270.4 Da, with 
18 amino acids, including a pyroglutamic acid as the N terminus, a 
C-terminal arginine alpha-amide, and four cysteine residues forming two 
disulfide bridges. This peptide shows marked sequence similarities to 

***antimicrobial *** peptides from other arthropods such as tachyplesin 
and ***polyphemusin*** from horseshoe crabs and androctonin from 
scorpions, interestingly, it also shows sequence similarities to 
protegrins, ***antimicrobial*** peptides from porcine leukocytes. 
Gomesin strongly affects bacterial growth, as well as the development of 
filamentous fungi and yeast, in addition, we showed that gomesin affects 
the viability of the parasite Leishmania amazonensis. 
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interaction of polyphemusin I and structural 
bacterial membranes, lipopolysaccharide, and 
monolayers . 

Zhang L; Scott M G; Yan H; Mayer L D; Hancock R E 
Department of Microbiology and Immunology, University 
British Columbia, #300-6174 University Boulevard, 
Vancouver, British Columbia, Canada V6T 1Z3. 
BIOCHEMISTRY, (2000 Nov 28) 39 (47) 14504-14. 
Journal code: 0370623. ISSN: 0006-2960. 
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Journal; Article; (JOURNAL ARTICLE) 
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Three structural variants (PV5, PV7, and PV8) of the horseshoe crab 
cationic ***antimicrobial*** peptide ***polyphemusin*** I were 
designed with improved amphipathic profiles. Circular dichroism 
spectroscopy analysis indicated that in phosphate buffer 

***polyphemusin*** I, PV7, and PV8 displayed the spectrum 
beta-turn-rich structure, but, like ***polyphemusin*** I, 
variants adopted a typical beta-sheet structure in an anionic 
environment. Both ***polyphemusin*** I and variants were 
spectrum ***anti microbials*** that were clearly bactericidal at their 
minimal inhibitory concentrations. The variants were moderately less 
active in vitro but more effective in animal models. Moreover, these 
variants exhibited delayed bacterial killing, whereas ***polyphemusin*** 
I killed Escherichia coli UB1005 within 5 mm at 2.5 microg/mL. All the 
peptides showed similar abilities to bind to bacterial lipopolysaccharide 
(LPS) and permeabilize bacterial outer membranes. Consistent with this 
was the observation that all peptides significantly inhibited cytokine 
production by LPS-stimulated macrophages and penetrated polyanionic LPS 
monolayers to similar extents. None of the peptides had affinity for 
neutral lipids as evident from both tryptophan fluorescence spectroscopy 
and Langmuir monolayer analysis. As compared to ***polyphemusin*** I, 
all variants showed reduced ability to interact with anionic lipids, and 
the hemolytic activity of the variants was decreased by 2-4-fold, in ' 
contrast, ***polyphemusin*** I efficiently depolarized the cytoplasmic 



of a type II 
all three 
lipid 

potent broad 



membrane of E. coli, as assessed using a membrane potential sensitive 
fluorescent dye 3, 3-di propyl thiacarbocyanine (disc(3)5) assay, but the 
variants showed a substantially delayed and decreased depolarizinq 
ability. The coincident assessment of cell viability indicated that 
depolarization of the bacterial cytoplasmic membrane potential by 

***polyphemusin*** I occurred prior to lethal damage to cells. Our data 
suggest that increase of amphipathicity of beta-sheet ***polyphemusin*** 
I generally resulted in variants with decreased activity for membranes. 
Interestingly, all variants showed an improved ability to protect mice 
both against infection by Pseudomonas aeruginosa and from endotoxaemia. 
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General Review; Journal 
LIFE 
English 
75 

^ABSTRACT IS AVAILABLE IN THE ALL AND IALL FORMATS* 

AB Animals as well as plants defend themselves against invading pathogenic 

microorganisms utilizing cationic antimicrobial peptides, which rapidly 
kill various microbes without exerting toxicity against the host. 
Physicochemical peptide-lipid interactions provide attractive mechanisms 
for innate immunity. Many of these peptides form cationic amphipathic 
secondary structures, typically alpha-helices and beta-sheets, which can 
selectively interact with anionic bacterial membranes by the aid of 
electrostatic interactions. Rapid, pepti de-induced membrane 
permeabilization is an effective mechanism of antimicrobial action. This 
review article summarizes interactions with lipid bi layers of maqainins 
(alpha-helix) and tachyplesins (beta-sheet) discovered in frog skin and 
horseshoe crab hemolymph, respectively, as archetypes, emphasizing that 
the mode of interaction is strongly dependent on the physicochemical 
properties not only of the peptide, but also of the target membrane. (C) 
1999 Elsevier science B.v. All rights reserved. 
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^ABSTRACT IS AVAILABLE IN THE ALL AND IALL FORMATS* 
A tachyplesin peptide analog, T22 ([Tyr(5,12), Lys(7)] -polyphemusin 
II), and its shortened congener, TW70 (des- [Cys(8, 13) , 
Tyr(9,12)]-[D-Lys(10) , Pro(ll)] -T22) have strong anti -human 
immunodeficiency virus (HIV) activity, comparable to that of 
3'-azido-2' , 3'-dideoxythymidine (AZT) . T22 and TW70 are extremely basic 
peptides, containing 5 Arg residues and 3 Lys residues. The number of 
positive charges might be related in part to high collateral 
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AB 



cytotoxicities of T22 and TW70. Here we have synthesized several analogs, 
in which the number of positive charges has been reduced through amino 
acid substitutions using Glu or L-ci trulline. As a result, several 
effective compounds have been found which possess higher selectivity 
indexes (Sis, 50% cytotoxic concentration/50% effective concentration) 
than those of T22 and TW70. Higher Sis were attributed mainly to a 
decrease in cytotoxicity. (C) 1998 Elsevier Science Ltd. All rights 
reserved. 
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Conformations and orientations of aromatic amino acid 
residues of tachyplesin I in phospholipid membranes 
Oishi 0; Yamashita S; Nishimoto E; Lee S (Reprint); 
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Publisher: AMER CHEMICAL SOC, 1155 16TH ST, NW, 
WASHINGTON, DC 20036. 
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^ABSTRACT IS AVAILABLE IN THE ALL AND IALL FORMATS* 

Tachyplesin I, an antibacterial and antiviral heptadecapeptide from the 
hemocyte debris of Tachypleus tridentatus, contains four aromatic amino 
acids (Trp(2), Phe(4), Tyr(8), and Tyr(13)) which have been shown to be 
crucial for activity, in order to investigate conformations and 
orientations of the aromatic amino acid residues of tachyplesin I in lipid 
bilayers, its analogs, [Phe(8)]- and/or [Phe(13)] -tachyp lesin(s) I in 
which Tyr(8) and Tyr(13) are replaced by Phe, were synthesized. Circular 
dichroism spectral studies showed that three peptides are considerably 
different in conformation in aqueous solution at pH 8.0 whereas they take 
similar conformations in the presence of neutral eqg yolk 
phosphatidylcholine (EYPC) liposomes. Energy transfer kinetics showed that 
the distances of Trp(2)-Tyr(8) and Trp(2)-Tyr(13) are 16 Angstrom (max of 
18.3 Angstrom, min of 15.1 Angstrom) and 18 Angstrom (max of 20.2 
Angstrom, min of 16.6 Angstrom) in buffer but are 12 Angstrom (max of 15.2 
Angstrom, min of 8.6 Angstrom) and 18 Angstrom (max of 22.9 Angstrom, min 
of 12.9 Angstrom), respectively, in the presence of acidic EYPC/EYPG (3:1) 
liposomes. Decay kinetics for Trp(2) fluorescence indicated that Trp(2) 
takes at least three conformations in buffer and in acidic liposomes where 
fractions of three Trp(2) conformers vary by changing the medium from 
buffer to acidic liposomes. Although tachyplesin lis not in amphophilic 
structure in buffer in spite of its rigid antiparallel beta-conformation, 
its interaction with lipid bilayers appears to induce amphiphilic 
structure via minor alteration of peptide backbone and side chain 
orientations, resulting in shortening the distance of Trp(2)-Tyr(8) . 
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Recombinant expression of the ***antimicrobial*** 

peptide ***polyphemusin*** and its activity against the 

protozoan oyster pathogen Perkinsus marinus. 
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Entered Medline: 19971003 
ab ***Polyphemusin*** is a broad-spectrum ***antimicrobial*** peptide 
isolated from hemocytes of the North American horseshoe crab Limulus 
polyphemus. To date the ***polyphemusin*** used for scientific 
analyses has been purified from the natural materials or obtained by 
chemical synthesis, we report here the recombinant expression in 
Escherichia coli, and subsequent purification, of a ***polyphemusin*** 
analogue (rLiml). To prevent toxicity of the ***antimicrobial*** 
peptide in the highly susceptible E. coli host, we used a carboxy-terminal 
fusion protein cloning strategy provided by a maltose-binding protein 
(MBP) gene fusion system (New England Biolabs). ***Antimicrobial*** 
activity of recombinant ***polyphemusin*** was similar to that seen 
with amidated native ***polyphemusin*** peptide. When rLiml was 
tested for antibiotic activity against the apicomplexan protozoan oyster 
pathogen Perkinsus marinus, complete inhibition was observed at 12 
micrograms/ml , and partial inhibition at 8 micrograms/ml . 
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Methods of manufg. amphiphilic peptides for therapeutic use using 
proteinase-deficient expression hosts are described. The peptides may be 
manuf. by direct expression of a gene for an amphiphilic peptide in a 
protease-deficient microbial host transformed with an appropriate 
expression vector. Alternatively, protease-deficient Escherichia coli 
K-12 is transformed with a vector encoding a cleavable fusion protein of a 
carbohydrate-binding protein and the amphiphilic peptide. The affinity 
purified fusion protein is then cleaved to release the amphiphilic 
peptide. The biol. active amphiphilic peptide can be further treated 
chem. or enzymically to obtain a chem. distinct amphiphilic peptide with 
improved biol. and therapeutic properties. Analogs of defensin-like 
peptides were synthesized and tested for antimicrobial activity and the 
most effective analog identified. A synthetic gene for this peptide 
(MSl-556) was constructed and used to create a chimeric gene for a fusion 
protein with maltose-binding protein using the pMAL-2c expression system, 
induction of the qene led to the cells accumulating the fusion protein to 
10-20% of observable cellular protein. The fusion protein was purified by 
affinity chromatog. on amylose and MSI- 556 released by CNBr cleavage and 
purified by HPLC 
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isolated, from the hemolymph of unchallenged scorpions of the 
Androctonus australis, three distinct ***antimicrobial*** 
peptides, which we have fully characterized by Edman degradation, 
electrospray ionization mass spectrometry, and matrix-assisted laser 
desorption/ionization mass spectrometry. Two are novel molecules: (i) 
androctonin, a 25-residue peptide with two disulfide bridges, active 
against both bacteria (Gram-positive and Gram-negative) and fungi and 
snowing marked sequence homology to tachyplesins and ***polypnemusins*** 
from horseshoe crabs; and (ii) buthinin, a 34-residue antibacterial 
(Gram-positive and Gram-negative) peptide with three disulfide bridges. 
The third peptide contains 37 residues and three disulfide bridges and 
clearly belongs to the family of anti -Gram-positive insect defensins. we 
have synthesized androctonin and explored its activity spectrum and mode 
of action. 
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peptides are widely distributed in nature, being found in 
bacteria to humans. The structures of these peptides from 
horseshoe crabs, frogs, and mammals are known to have the common 
of a net cationic charge due to the presence of multiple Arg and 



Lys residues and in most cases the ability to form amphipathic structures. 
These properties are important for the mechanism of action that is thought 
to be a nonreceptor-mediated interaction with the anionic phospholipids of 
the target cell followed by incorporation into the membrane and disruption 
of the membrane structure. Host defense peptides have been shown to have 
broad spectrum ***anti microbial*** activity, able to kill most strains 
of bacteria as well as some fungi, protozoa, and in addition, many types 



of .tumor cells. Specificity for pathogenic cells over host cells is 
thought to be due to the composition of the cell membranes, with an 
increased proportion of anionic phospholipids making the pathogen more 
susceptible and the presence of cholesterol making the host membranes more 
resistant, structure-activity relationship studies have been performed on 
insect cecropins and apidaecins, horseshoe crab tachyplesins and 

***polyphemusins*** , and the frog magainins, CPFs (caerulein precursor 
fragments; and PGLa. in general, changes that increased the basicity and 
stabilized the amphipathic structure have increased the 

***anti microbial*** activity; however, as the peptides become more 
hydrophobic the degree of specificity decreases. One magainin-2 analogue, 
MSI-78, has been developed by Magainin Pharmaceuticals as a topical 
antiinfective and is presently in clinical trials for the treatment of 
infected diabetic foot ulcers. 
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*ABSTRACT IS AVAILABLE IN THE ALL AND IALL FORMATS* 
T22 ([Tyr(5.12), Lys(7)] -polyphemusi n II) was found to exhibit strong 
anti -human immunodeficiency virus (HIV) activity and exert its effects on 
a virus-cell fusion process. In the present study, the all-D enantiomer of 
T22 and its related compounds were synthesized to examine the molecular 
parameters required for the interaction of T22 with membrane components of 
cells or viruses in order to exert this anti-HN activity. The anti-Hlv 
activity of these analogs was investigated in comparison with their 
membrane permeability with aspect to Targe unilamellar vesicles (LUVs) . 
The all-D enantiomer of T22 exhibited a 20-fold lower anti-Hlv activity 
compared with T22, whereas they both showed the same membrane 
permeability. No positive correlation between anti -HIV activity and 
membrane permeabi lity was observed. These results suggest that the 
anti-Hlv activity of T22 is mediated through the interaction with chiral 
component (s) of the cell or virus. 
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the horseshoe crab (Limulus) contain a new family of 
peptide antibiotics, termed the tachyplesin family. These 



cationic peptides are composed of 17-18 amino acid residues with a 
C-terminal arginine alpha-amide. Tachyplesin I takes on a fairly rigid 
conformation constrained by two di sulphide bridges and adopts a 
conformation consisting of an antiparallel beta-sheet connected by a 
beta-turn, isopeptides of tachyplesin I with amino acid replacements, 
tachyplesins II and III, and ***polyphemusins*** I and II have also 
been found in the haemocytes of the South-East Asian species and Limulus 
polyphemus. These peptides are present in abundance in the small granules 
of the haemocytes and inhibit strongly the growth of not only 
Gram-negative and Gram-positive bacteria but also fungi such as Candida 
albicans. Tachyplesin exists in the prepro form consisting of 77 
residues; this precursor is probably processed by intracellular proteases 
and an amidation enzyme before incorporation into the small granules of 
the haemocytes. We examined the mode of action of tachyplesin I on 
biomembranes, comparing it with that of gramicidin S. Tachyplesin caused 
an efflux of K+ from staphylococcus aureus and Escherichia coli cells 
similar to that caused by gramicidin s. Another ***antimicrobial*** 
substance, anti-LPS factor, has been isolated from haemocytes. 
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^ABSTRACT IS AVAILABLE IN THE ALL AND IALL FORMATS* 

The solution structure of tachyplesin I, which was isolated from 
membrane acid extracts of the hemocytes from the Japanese horseshoe crab 
(Tachypleus tridentatus) , was determined by nuclear magnetic resonance 
(NMR) and distance geometry calculation. Tachyplesin I takes an 
antiparallel beta-sheet structure with a type-ll beta-turn. Recently, 
among more than 20 synthetic peptides associated with tachyplesin and its 
isopeptide (polyphemusin) , we found that a novel compound, which we 
designated as T22 ([Tyr5,12, Lys7] -polyphemusin II), strongly inhibited 
the human immunodeficiency virus (Hiv)-l-induced cytopathic effect and 
viral antigen expression. The solution structure of T22 was investigated 
using nmr, and its secondary structure was confirmed to be similar to that 
of tachyplesin I. The anti -paral lei beta-sheet structure and the several 
amino-acid side chains on the plane of the beta-sheet of T22 are thought 
to be associated with the expression of anti-Hlv activity. 
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in view of the cationic amphipathic structure of tachyplesin I and 



anti parallel beta-sheet as a general DNA binding motif, DNA binding of the 
antimicrobial peptide has been examined. Several footprinting-like 
techniques using DNase I protection, dimethyl sulfate protection, and 
bleomycin- (BLM-) induced DNA cleavage were applied in this study. Some 
distinct footprints with DNase I are detected, and also the 
sequence-specific cleavage mode of the BLM-Fe(ll) complex clearly is 
altered in the presence of tachyplesin I. In addition, methylation of the 
N-7 residue of guanine situated in the DNA major groove is not entirely 
inhibited (or activated) by tachyplesin I. The results suggest that 
tachyplesin I interacts with the minor groove of DNA duplex. Disappearance 
of tne footprints by dithiothrei tol -treated tachyplesin I and 
Ala-tachyplesin strongly suggests a significant contribution of secondary 
structure containing an anti parallel beta-sheet to the DNA binding of 
tachyplesin I. This is the first report on DNA interaction with a small 
peptide which contains a unique antiparallel beta-sheet structure. The 
mechanism for antimicrobial action of tachyplesin I has also been 
inferred. 
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Mechanisms of antibacterial action of tachyplesins and 
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Tachyplesins I and II and polyphemusins I and II, cationic peptides 
isolated from the hemocytes of horseshoe crabs, show bactericidal 
activities with similar efficiencies for both gram-negative and 
gram-positive bacteria. Tachyplesin I inhibited bacterial growth 
irreversibly within 40 min. A subinhibitory concentration of tachyplesin 
I sensitized gram-negative bacteria to the bactericidal actions of 
novobiocin and nalidixic acid, although polymyxin B- resistant strains 
which have altered lipopolysaccharides were susceptible to tachyplesin I. 
This implies that tachyplesin permeabilizes the outer membrane and that 
the likely target of its action is outer membrane constituents other than 
lipopolysaccharides. On the other hand, a defensin-susceptible phoP 
strain of Salmonella typhimurium was also susceptible to tachyplesin I. 
Tachyplesin I rapidly depolarized the inverted inner-membrane vesicles of 
Escherichia coli. These results suggest that depolarization of the 
cytoplasmic membrane, preceded by the permeabilization of the outer 
membrane for gram-negative bacteria, is associated with 
tachyplesin-mediated bactericidal activity. The similarity between the 
actions of tachyplesin and those of defensin was discussed. 
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ab Tachyplesin and ***polyphemusin*** are ***antimicrobial*** 
peptides recently isolated from the hemocytes of horseshoe crabs 
(Tachypleus tridentatus and Limulus polypnemus). we synthesized them and 
their analogs and examined their antiviral activity against human 
immunodeficiency virus (HIV) type 1 in vitro. The infection of human T 
cells with the virus was markedly inhibited by some of them at low 
concentrations, in this structure-activity study, we found that [Tyr5,12, 
Lys7]- ***polyphemusin*** II, which was designated as T22, had 
extremely high anti-HIv activity. Its 50% inhibitory concentration (EC50) 
was 0.008 micrograms/ml, while its 50% cytotoxic concentration (CC50) was 
54 micrograms/ml and these values were comparable to those of AZT. This 
result indicates that T22 would be a potential candidate for the therapy 
of HIV infection. 
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DIRECT VIRUS INACTIVATION OF TACHYPLESIN-I AND ITS 
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* ABSTRACT IS AVAILABLE IN THE ALL AND IALL FORMATS* 

Direct virus inactivation of tachyplesin I and related isopeptides, 
which are antimicrobial peptides isolated from the hemocytes of the 
horseshoe crab (Tachypleus tridentatus and Limulus polypnemus), was 
examined against several viruses. Vesicular stomatitis virus (vsv) was 
inactivated by incubation with tachyplesin I and its isopeptides. 
Influenza A (HlNl) virus was slightly inactivated by tachyplesin I, 
whereas herpes simplex virus 1 and 2, adenovirus 1, reovirus 2 and 
poliovirus 1 were resistant to inactivation. The inactivation of vsv by 
tachyplesin I depended on the concentration, the time and the temperature 
of incubation. Pretreatment of tachyplesin I with trypsin or 
lipopolysaccharide of gram-negative bacteria entirely abolished the 
antiviral activity. Electron microscopy of VSV treated with tachyplesin I 
showed naked and damaged virions. These data suggest that tachyplesin I 
directly inactivates the vsv by destroying its envelope subunits. 
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Tachyplesin is an ***anti microbial*** peptide recently found in the 
acid extract of hemocytes from the Japanese horseshoe crab (Tachypleus 
tridentatus) [Nakamura, T. et al . (1988) J. Biol. Chem. 263, 
16709-16713]. in our continuing studies on the peptide, we have found an 
isopeptide, tachyplesin II, and also ***polyphemusins*** I and II in 
hemocytes of the American horseshoe crab (Limulus polyphemus). The 
complete primary structures of these peptides, which are very similar to 
that of the previously isolated peptide, now named tachyplesin I, were 
determined to be as follows: (Table: see text). The isopeptide, 
tachyplesin II, consists of 17 residues with a COOH-terminal arginine 
alpha-amide. On the other hand, both ***polyphemusins*** I and II 
were found to contain 18 residues due to an additional Arg residue at the 
NH2-terminal end as well as a COOH-terminal arginine alpha-amide. The 
disulfide linkages for ***polyphemusin*** I consisted of two bridges 
between Cys-4 and Cys-17 and between Cys-8 and Cys-13, which was identical 
to in the case of tachyplesin I. Moreover, all of these peptides 
inhibited the growth of not only Gram-negative and -positive bacteria but 
also fungi, such as Candida albicans M9. Furthermore, complex formation 
between these peptides and bacterial lipopolysaccharides was also observed 
in a double diffusion test. These results suggest that tachyplesins and 

***polyphemusins*** are probably located in the hemocyte membrane, where 
they act on ***anti microbial*** peptides as a self-defense mechanism 
in the horseshoe crab against invading microorganisms. 
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interaction of ***polyphemusin*** I and its structural 
analogs with LPS, bacterial membrane and lipid monolayers. 
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Cationic antimicrobial peptides are important components of the innate 
immune defences of all species of life, variants of these natural 
molecules have a broad range of antibiotic, antifungal, antiviral and 
anti-endotoxic activity. Two of these cationic peptides have shown signs 
of efficacy in early clinical trials of oral mucositis and the 
sterilisation of central venous catheters, respectively and are currently 
proceeding through Phase III clinical trials. Thus, cationic antimicrobial 
peptides are currently being investigated as topical agents. In addition, 
the cationic protein rBPl 21 has recently completed Phase III clinical 
trials of parenteral use for meningococcaemia. 
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